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ABSTRACT

Competing models exist to explain what caused the Earth’s crust to spread apart 29
million years ago to create a region known today as the Rio Grande Rift (RGR). The RGR
extends from central Colorado through New Mexico to northern Mexico, near El Paso. The RGR
has different geologic features that distinguish it from most other valleys (e.g., the RGR was not
cut by a river nor does a river branch upstream). A growing body of evidence shows that
geologic activity still occurs in the RGR, with a continuation of faulting, seismicity and widening
at a small rate of about 0.3 mm/yr (Woodward, 1977). We map of the seismic velocity structure
and crustal thickness using data from the Rio Grande Rift Seismic TRAnsect (RISTRA)
experiment and the EarthScope Transportable Array (USArray) dataset. In addition to the data
we collected from the RISTRA experiment and USArray dataset, we also acquired receiver
functions

from

the

EarthScope

Automatic

Receiver

Survey

(EARS)

website

(http://www.earthscope.org/data) and waveform data from the Incorporated Research Institutes
for Seismology (IRIS) Data Management Center (DMC). We requested seismograms from the
IRIS DMC database where we acquired teleseismic events from Jan 2000 to Dec 2009. This
includes 7,259 seismic events with a minimum magnitude of 5.5 and 106,389 continuous
waveforms. This data was preprocessed (merged, rotated) using a program called Standing Order
of Data (SOD). The RISTRA experiment and the USArray were designed to image crust and
mantle structures by computing receiver functions for all data in the Southern Rio Grande Rift
(SRGR). We map the crustal thickness, seismic velocity, and mantle structure for the sole
purpose to better determine the nature of tectonic activity that is presently taking place and
further investigate the regional extension of the Southern Rio Grande Rift (SRGR). Here we
present preliminary results of the crustal and velocity structure using the kriging interpolation
iv

scheme seem stable and we are now able to clearly observe certain patterns we can use to
interpret the southern RGR deformation and extension.
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INTRODUCTION

The Rio Grande Rift (RGR) extends from central Colorado to south of El Paso, Texas.
The southern end of the rift is poorly defined in the geologic record (Keller and Baldridge, 1999)
and there have been few seismic studies (Keller et al., 1991; Averill et al., 2007) to provide
information on the deeper rift structure. Two particularly important questions about the rift are
whether or not it is actively deforming along its southern extent (Keller and Baldridge, 1999)
and how it influences the evolution of adjacent areas within the North American Plate. To
address those questions, we define the crustal structure of the southern RGR using the
EarthScope Transportable Array (USArray) data set (www.earthscope.org) and previous
experiments to construct a high-resolution image of the crust-mantle boundary in the vicinity of
El Paso. In particular, 143 EarthScope stations deployed across the RGR system with a 70 km x
70 km grid spacing were used to map the velocity variations within the crust.
We compute teleseismic receiver functions from the data provided by the USArray
stations and the LARISTRA experiment (Wilson, 2005), which allows for crustal thickness and
seismic velocities (Vp/Vs) to be determined. The Vp/Vs ratio gives insight into the average
rheology of the crust by providing information about the material properties of the region that the
seismic waves travel through. In addition, fluid and pressure information about material in
certain layers may be derived from the Vp/Vs ratios (Zhu and Kanamori, 2000). High values of
Vp/Vs could be interpreted as evidence of extended partial melting. Low values of Vp/Vs suggest
basement material that has not undergone heating. In addition, the crustal thickness (moho
depth) was also derived from receiver functions. The moho depth, an important source parameter
of receiver functions, represents a major change in seismic velocities (Vp/Vs), chemical
compositions of minerals, and rheology (deformation & movement of material). Obtaining
1

information about the moho can help characterize the overall structure of the crust in a particular
region and there may be a strong correlation between the geology and tectonic evolution of
geologic structures. We map the moho thickness and Vp/Vs in the region, and found evidence of
upwelling mantle material that could provide the driving mechanism for active rifting in this
area.
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TECTONIC SETTING

The western region of North America experienced uplift, extension, shortening, and
volcanism during the Cenozoic. However, the Colorado Plateau has escaped much of the intense
deformation and magmatism that affected the rest of the southwestern region (e.g., Gilbert et al.,
2007). Gilbert et al., (2007) conjecture that the mantle is the possible source of strength that
provided the support needed for the plateau to resist deformation while the other bordering
regions failed. The Rio Grande Rift, on the eastern edge of the southern Colorado Plateau, is one
possible area that experienced deformation that may be related to its location adjacent to the
strong Colorado Plateau region.
The Rio Grande Rift, more than 1000 km long, is geologically young and resulted from a
process of regional extension and mantle upwelling in Neogene times (e.g., Wilson et al., 2005).
The RGR, one of the major continental rifts, has existed since the late Cenozoic and it separates
the Proterozoic continental lithospheres of the Great Plains and the Colorado Plateau (Song and
Helmberger, 2007; Keller and Baldridge, 1999). The northern portion of the RGR is what
separates the Colorado Plateau from the Great Plains (Keller and Baldridge, 1999). The southern
portion of the RGR is the portion of the continental rift system that experienced more regional
extension then the northern portion of the rift (Keller and Baldridge, 1999). Rifting and
extension began in the late Oligocene or early Miocene (Cook et al., 1978). Associated
volcanism occurred in the western and central parts of the rift. Volcanism was prominent in the
rift area during the Pliocene and Quaternary (Cook et al., 1978).
By definition, a rift is caused when the Earth’s crust spreads apart. When a rift system
breaks apart continental crusts, it is classified as a continental rift and, in this case, the RGR is a
primary example of a continental rift. Different ideas exist on the formation of the RGR.
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Hamilton (1978) argued from purely structural geologic evidence that the Colorado Plateau had
rotated clockwise relative to the craton and that the Laramide deformation of the craton occurred
as a result of compression between the Colorado Plateau and the continental interior. Humphreys
(1995) suggested that there was east-west compression during the Mesozoic (80-50 Ma)
Laramide orogeny as the Farallon slab was subducting beneath the westward portion of North
America. Between approximately 30 to 48 Ma, as the initiation of the San Andreas fault was
shutting off subduction, a portion of the Farallon slab may have detached which spurred
enhanced volcanism in the southwestern US known as the ignimbrite flare-up (Humphreys,
1995). During the past 30 Ma, the region has experienced extension along the western interior
portion of North America. This regional extension stimulated the formation of the RGR (e.g.,
Wilson et al., 2003).
Many different seismic/geophysical models suggest explanation for how the region
formed. Based on a tomographic model, Bird (1979) suggested that lateral variations in
temperature and buoyancy play an important role in determining the lithosphere of the RGR. In
general, lateral variation in lithospheric thickness can facilitate rifting (Pascal et al., 2002) and
observed foundering of the continental lithosphere. While the temperature contrast across the
RGR and the western Great Plains is large, lithosphere removal might occur through
delamination (Bird, 1979; Pourhiet et al., 2006), which can facilitate small-scale convection
(King and Ristema, 2000) or detachment of the depleted continental lithosphere. A transient heat
conduction model, based on the assumption that the excess flux and late Cenozoic volcanism are
consistent with high-temperature intrusions, shows transient heat sources beneath the southerly
extension of the rift (Cook et al., 1978). Based on the transient heat conduction model, the main
compositional change in the RGR was from mafic andesites in the Oligocene to alkali basalts in
the Pliocene and Quaternary which could be interpreted as partial melting of the crust (Cook et
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al., 1978). Based on the fact that extensional tectonics and volcanic activity may imply
concurrent penetrative convection below the area, the trends of increased volcanic activity and
tectonic activity are used to fix the emplacement times of the intrusions in the transient thermal
model (Cook et al., 1978).
Recent work from the Colorado Plateau-Rio Grande Rift-Great Plains Seismic Transect
(LA RISTRA) experiment has shown that the center of the RGR has a low velocity zone (Wilson
et al., 2005; West et al., 2004), suggesting that there could be molten material or that the crust is
thinning beneath the center of the RGR. The zone of crustal thinning widens southward as does
the physiographic expression of the rift. In southern New Mexico, the rift seems to have its
maximum effect from a geophysical perspective creating the thinnest crust (less than 30 km)
with very high heat flow (Keller, 2004). Teleseismic studies of mantle structure have focused on
central and northern New Mexico revealing a pattern of velocity anomalies (Keller, 2004). The
RGR in general, including the southern portion, is associated with significant thinning of the
crust and mantle lithosphere.

5

Fig 1: Regional topography of the SRGR and sketch of SRGR boundaries. Above the contour
plot is a color scale of the elevations in meters. The black triangles signify the stations that we
have data for.
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DATA

EarthScope provides a framework for broad, integrated studies in the Earth sciences (e.g.,
research on fault properties, earthquake process, plate boundary process, large-scale continental
deformation, etc). USArray, which is part of the EarthScope experiment, is a 15-year program to
place a dense network of permanent and portable seismographs across the continental United
States. The Plate Boundary Observatory (PBO) component of EarthScope is a geodetic
observatory designed to study the three-dimensional strain field resulting from deformation
across the active boundary zone between the Pacific and North American plates in the western
United States. The San Andreas Fault Observatory at Depth (SAFOD) component of Earthscope
is a borehole observatory across the San Andreas Fault to directly measure the physical
conditions under which earthquakes occur.
Data was initially collected from the EarthScope Automated Receiver Survey (EARS)
website (http://www.seis.sc.edu/ears/). The EARS website contains the data sets of all frequent
seismic activity and a database of all the recording stations that monitor seismic events. Based
from the mapping, we have discovered inconsistencies in the results (Figure 6). For example,
stations within 18 km of one another showed dramatic differences in crustal thickness (10 km
differences) and Vp/Vs ratios. These differences are unrealistic and likely a function of the
processing. Furthermore, new data had not been incorporated from the USArray stations that are
currently recording data in the region (Figure 3). Thus, both new and older data needed to be
collected and processed.
We requested seismograms from the Incorporated Research Institutes for Seismology
(IRIS) Data Management Center (DMC) for teleseismic events from Jan, 2000 to Dec, 2009.
This includes 7,259 seismic events with a minimum magnitude of 5.5 and 106,389 continuous
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waveforms. This data was requested and preprocessed (merged, rotated) using a program called
Standing Order of Data (SOD).

Fig 2: A map of the RGR system with all of the 143 USArray stations plotted with the green
triangles representing the location of the stations.
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Fig 3: Preliminary results (see Future Work section). Location map of the seismic events for
which we computed receiver functions. The seismic events span Jan, 2000-Dec, 2008.
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METHODS
TELESEISMIC RECEIVER FUNCTIONS

A receiver function is the seismic response of the earth beneath a seismic station to an
incoming P-wave. They are derived using deconvolution, a mathematical method used to filter a
signal and isolate the superimposed harmonic waves. Specially, receiver functions are calculated
by deconvolving the vertical component of a seismogram from the radial component, resulting in
the identification of converted phases where there is an impedance contrast (crustal-mantle
boundary). We employed the teleseismic receiver function technique to determine the crustal
thickness and Vp/Vs ratios for the stations plotted in Figure 2 and then preceded to map out all
the lateral variations of the moho depth under the SRGR. The receiver function technique can
model the structure of the earth using seismograms from three component (vertical, north, and
east) seismic stations from teleseismic earthquakes. Receiver functions were first applied in the
late 1970s at solitary stations to obtain local one-dimensional structural estimates (Langston,
1981). Since then, there was an increase in the number of stations deployed by seismic
experiments. It is now possible to generate detailed two or three-dimensional images of
structures, such as the moho and upper mantle transition zone discontinuities near 410 km and
670 km depth (e.g., Wilson et al., 2003).
We employ the receiver function technique using the iterative deconvolution method of
Ligorria and Ammon (1999) and the stacking approach described in Zhu and Kanamori (2000).
In receiver function estimation, the foundation of the iterative deconvolution approach is least
squares minimization of the difference between the observed horizontal component seismogram
and predicted signal generated by convolution of an iterative updated spike train with the vertical
component seismogram (Ligorria and Ammon, 1999). The iterative time-domain approach has
10

several advantages, such as the ability to estimate the percent fit and the long period stability by
a priori constructing the deconvolution as a sum of Gaussian pulses (Ligorria and Ammon,
1999). We compute receiver functions using the iterative time deconvolution with Gaussian
width (Ga) factors of 2.5, 1.75, and 1, which is equivalent to applying low pass filters with cutoff
frequencies of 1.2, 0.9, and 0.5 Hz, respectively.

THEORETICAL COMPUTATION OF RECEIVER FUNCTIONS

Convolution of the source S(t) , propagation P(t), instrument I(t) will result in the
seismogram denoted as U(t) in the time domain.

U z (t)  S(t)  Pz (t)  I(t)
Ur (t)  S(t)  Pr (t)  I(t)
Taking the Fourier transform (Spiegel, 1974) of the vertical U z (t) and radial U r (t)
component of the seismogram will result in the vertical and radial components from time domain
(t) to frequency domain ( ),

F[U z (t)]  U z ( )  S( )Pz ( )I( )
F[Ur ( )]  Ur ( )  S( )Pr ( )I( ).
By performing deconvolution (spectral division) of the vertical component from the radial
component,
R( ) 

Pz ( )
,
Pr ( )

then taking the inverse Fourier transform of R( ) , results in the approximation of a receiver
function r(t).
P ( ) 
r(t)  F 1 z
.
Pr ( ) 
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Fig 4. (a) Illustration of a simplified ray diagram, which identifies the Ps, converted phases,
which comprise the receiver function for a single layer. (b) Vertical and radial seismograms and
the corresponding receiver function resulting from the deconvolution of the vertical component
from the radial component (Lodge and Helffrich, 2009).

STACKING
We used the receiver function stacking technique introduced by Zhu and Kanamori
(2000), which estimates the crustal thickness and a Vp/Vs ratio based on the radial receiver
function. This technique is the standard approach used by EARS. Assuming that no lateral
velocity heterogeneities exist, the time separation between the Ps converted wave and the direct
P-wave obtained from receiver functions (tPs) can then be used to estimate crustal thickness (H),
given the average crustal velocities VP and a VP /VS ratio (κ), and the constant ray parameter p of
the incident wave (e.g., Gurrola et al., 1995). The trade-off between the thickness and the crustal
velocities presents an ambiguity that can be reduced by using the later multiple phases tPpPs and
tPsPs+PpSs, which provide additional constraints to both Vp/Vs and the crustal thickness (e.g.,
Gurrola et al., 1995; Zhu and Kanamori, 2000). Using and stacking multiple events helps to
increase the signal-to-noise ratio (SNR), which may be caused by background noise, scattering
from crustal heterogeneities, and P-to-S multiple conversions from other velocity discontinuities
(Lodge and Helffrich, 2009). The H-κ domain stacking weights each phase and plots the stacked
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phases as a gridded image s(H,κ), which reaches a maximum when all three phases (tPs, tPpPs,
tPsPs+PpSs) are stacked coherently with the correct H and κ (Zhu and Kanamori, 2000). The main
advantage of this grid-search based technique is that (1) large amounts of receiver functions can
be processed without the need of picking Ps arrival times, and (2) the stacking results in an
enhancement of the signal/noise ratio and a suppression of lateral variations in the vicinity of the
recording station (Lodge and Helffrich, 2009). We will use this technique to derive an average
crustal model including H and Vp/Vs (κ). An example of this technique is shown in Figure 5 for
one of the Earthscope USArray stations, 219A. The dark dot with the white circle around the dot
represents the possible solution in H and Vp/Vs space (Figure 16).

Fig 5: Preliminary results (see Future work section). This is a receiver function stack of station
219A, Vp/Vs vs H (km). The black dot with the white circle around it represents the preferred
value. Note the multiple shaded regions might result in a poor choice of crustal thickness.
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MAPPING AND KRIGING
GMT (Generic Mapping Tools) was used to grid information about the crustal structure
and mantle discontinuities of the SRGR. GMT tools have the capabilities to manipulate
geographic and Cartesian data sets (including filtering, trend fitting, gridding, projecting, etc).
GMT was used for the purpose of mapping the southern RGR in order to interpret the crustal
structure. In particular, we gridded and contoured the values of Vp/Vs and crustal thickness to
derive 3-D models. The technique we chose to contour the Vp/Vs and crustal thickness (H) was
the interpolation scheme called kriging.
Kriging is a spatial interpolation technique based on semi-variograms (variogram).
Kriging is the estimation procedure used in geostatistics using known values, where the semivariogram is used to determine the unknown values. The Kriging interpolation scheme also
allows error to be incorporated into the model. The technique smooths out a sparely distributed
data set and fills it in order to obtain a smooth and continuous plot of the data. With figures 7-8,
there were inconsistenties with the data because there was error associated with the mapping of
the velocity and crustal structure of the RGR. Kriging allows the incorporation of error
associated with the model in order to obtain a smooth continuous surface with no inconsistencies
with the data (Shultz et al., 1998).
Kriging uses the weighted average of neighboring points to estimate the value of an
unobserved or unknown point
N

^

z x 0   i  zxi ,
i

where i are the weights (Trauth, 2007). The weights should sum up to be one (linear
constraint),
N



i

1

i

where z x 0 is the true, but unknown value. The mean-squared error in terms of the variogram is:
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N

N

N

i1

i1 j1

E((zx 0  z x 0 ) 2 )  2 i (x i , x 0 )    i  j  (x i , x j ) .

where E is the kriging variance, which has to be minimized (Trauth, 2007).  ( x i , x 0 ) is the
variogram (semivariance) between the data point and the unobserved data point,  (x i , x j ) is the
variogram between the data points x i and x j , and i and  j are the weights of the ith and jth
data point.
The

kriging

interpolation

scheme

minimizes

the

kriging

variance

equation

E (( zx 0  zx 0 ) 2 )(Trauth M.H., 2007). The optimization problem is then solved by using the

Lagrange multiplier v resulting in the linear kriging system of N+1 equations and N+1
unknowns,
N

   (x , x
i

i

j

)     (x i , x 0 ).

i1

After obtaining the weights i , the kriging variance is given by
N

 2 (x 0 )   i (x i , x 0 )   (x 0 ),
i 1

where the kriging system is defined as

G _ mod E  G _ R
where
 0
 (x1, x 2 )

0
 (x 2 , x1 )
G _ mod   M
M

 (x N , x1 )  (x N , x 2 )

1
 1


....  (x1, x N ) 1

....  (x 2 , x N ) 1
M
M
M,

K
0
1

K
1
0

1 
 (x1, x 0 ) 

 

2 
 (x 2 , x 0 ) 

E    , G _ R   

 

N 
 (x N , x 0 )

 
 1 
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E  G _ mod1 G _ R
By multiplying the inverse of G_R on both sides of the equation, the resulting
formulation is the kriging variance given by,

 2  G _ R1  E
VARIOGRAM

A variogram is a geostatistics tool that can quantify the variability exhibited by the data
set (Trauth, 2007). The kriging method predicts unknown values from neighboring observations
that are known. The kriging method uses the variogram to express the spatial variation and to
minimize the error of predicted values from the neighboring observations that are known.The
classical experimental variogram is given by the semivariance (Trauth, 2007):

 ( h)  0.5  ( zx  zx  h ) 2 ,
zx is the observed point at location x,
zx  h is the observed point at location x+h, and

h is the lag distance (distance between the two points zx , z x  h )
By definition, semivariance is half the variance of the difference between the two points
zx and z x  h . The variogram estimator is derived from the classical experimental variogram and is

calculated by
N(h )

1
 ( h) 
( zxi  z xi  h ) 2 ,

2  N ( h ) i 1
where N(h) is the number of pairs within the lag interval h (Trauth, 2007).
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RESULTS

We contoured Vp/Vs and crustal thickness based from the results we obtained from the
receiver function stacks generated from the EARS website. An example of a receiver function
stack from the EARS website is illustrated in Figure 6, which is a plot of the Vp/Vs and the
crustal thickness of a particular receiver function, NM35, provided by EarthScope. The area of
the plot that has red, green, yellow, and blue is the preferred choice for crustal thickness with
respect to Vp/Vs at a particular depth, which ranges from 26-66 km. The mapping results of
crustal and velocity structure is illustrated in Figure 7 and Figure 8 using the data initially
acquired from EARS. Figure 7 is a contour plot of velocity structure of SRGR. From blue to red
colors represent higher Vp/Vs ratio in some areas. The black triangles represent the receiver
functions around the SRGR. Fig 8 is a contour plot of the crustal thickness of the SRGR. The
color scheme used represents the crustal thickness in kilometers. The black triangles represent
the receiver functions around the SRGR. The results from figure 8 seem to be inconsistent in
terms of smoothness. We have found some areas of the rift system to be too shallow and other
areas to be too thick. The black triangles represent the stations deployed from EARS.
Since there were high variations in terms of crustal thickness and Vp/Vs values in Figures
7-8, we proceeded to collect data from the Rio Grande Rift Seismic TRAnsect (RISTRA)
experiment, EarthScope Transportable Array (USArray) dataset, and waveform data from the
Incorporated Research Institutes for Seismology (IRIS) Data Management Center (DMC), in
addition to the data we collected from the EarthScope Automatic Receiver Survey (EARS). The
results we obtained from mapping the crustal and velocity structure of the SRGR using the
additional data set are illustrated in Figures 9 and 10.
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An example of one of the receiver function stacks from the data set is illustrated in Figure
5. Figure 5 is a plot of Vp/Vs vs H (km) for station 219A (Fig 5). The black dot with the white
circle around it represents the preferred value. Note the multiple shaded regions might result in a
poor choice of crustal thickness. We note that when the gray lines cross, this is a good indication
that there are strong travel time multiples for station 219A and the Vp/Vs and crustal thickness
are well constrained. Furthermore, we manually reviewed every receiver function for quality,
making sure the stacks were as high quality as possible. We computed 143 station stacks to map
the Vp/Vs ratio and crustal thickness.
Figure 9 is a contour plot of Vp/Vs of SRGR from the receiver function stacks using 143
stations from the USArray data set. Blue to red colors represent lower to higher Vp/Vs ratios,
while the black triangles represent the receiver function stations around the SRGR. As can be
seen, the Vp/Vs values between the stations represented by the black triangles plotted do not vary
as much as from the EARS results. Furthermore, we used a standard contouring technique that
does not incorporate errors, and may be responsible from some of the anomalies. Areas with high
Vp/Vs can now able observed and may represent areas of the rift system that are experiencing

partial melt, while areas of low Vp/Vs are not undergoing any heating.
Figure 10 shows the crustal thickness (moho depth) of the SRGR derived from our
stacks. The color scheme used represents the crustal thickness in kilometers, while the black
triangles represent the receiver functions stations around the SRGR. As was shown for Vp/Vs,
our results did not show strong variations with crustal thickness within a close range of the
stations. The results in figure 10 appear a little more stable compared to figure 8, since the
crustal thickness of the rift system appears consistent in areas that should be thicker and other
areas that should be thinner (Keller, 2004).
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Since the mapping tool that we used does not have a way of incorporating error
associated with the modeling, we have use the kriging interpolation scheme in order to
incorporate error associated with modeling to better constraint the mapping of Vp/Vs and crustal
thickness. In order to use kriging, we generated variogram plots of the result from the receiver
function stacks. Figure 11 is a variogram cloud plot of the Vp/Vs data derived from computing
receiver functions of the 143 USArray stations. The variogram cloud gives you an impression of
the dispersion of values at the different lag distances (Trauth, 2007). From the variogram cloud
plot in Figure 11, it is easy to identify any anomalies or outliers, but it is difficult to determine
any spatial correlation of the Vp/Vs values. Figure 12 shows the average semivariance versus
average distance between the observations. The blue circles represent the average semivariance
values of Vp/Vs and the red dashed lines represent the variance. This plot illustrates the
variability of the Vp/Vs values for various lag distances. The semivariance values for Vp/Vs are
increasing with distance and then reach a plateau, which is close to the variance. Figure 13 is a
variogram cloud plot of the crustal thickness data, and gives the dispersion of values at the
different lag distances (Trauth, 2007). Figure 14 shows the average semivariance versus average
distance between the observations. The blue circles represent the average semivariance values of
crustal thickness and the red dashed line represents the variance. This plot illustrates the
variability of the crustal thickness values for various lag distances. The semivariance values for
crustal thickness seem to correlate close to the variance as the distance increases. From this
analysis, we choose the erf (error function) blending functions of 2 degrees for both crustal
thickness and Vp/Vs.
Figure 15 shows crustal thickness using the kriging interpolation scheme using a erf
blending function of 2 degrees. Note that the contour plot of crustal thickness seems consistent in
various areas of the rift system, and is a very smooth continuous surface with no dramatic jumps
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in crustal thickness. Figure 16 shows of the Vp/Vs velocity structure of the RGR using the
kriging interpolation scheme, which also shows smooth continuous surface. From the contour
plot of Vp/Vs, we are now able to observe points that are experiencing partial melt and points that
are not undergoing any partial melt.

Fig 6: A plot of the Vp/Vs and the crustal thickness (H) of the receiver function NM35 provided
by EarthScope.
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Fig 7: Preliminary results (see Future work section). A contour plot of the Vp/Vs structure of
SRGR using the EARS data set. From blue to red colors represent higher Vp/Vs ratio in some
areas. The black triangles represent the receiver functions around the SRGR.
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Fig 8: Preliminary results (see Future work section). A contour plot of the crustal thickness of
the SRGR using the EARS dataset. The color scheme used represents the crustal thickness in
kilometers. The black triangles represent the receiver functions around the SRGR.
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Fig 9: Preliminary results (see Future work section). A contour plot of the Vp/Vs structure of
SRGR using EARS, USArray, & RISTRA dataset. From blue to red colors represent higher
Vp/Vs ratio in some areas. The black triangles represent the receiver functions around the
SRGR.
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Fig 10: Preliminary results (see Future work section). A contour plot of the crustal thickness of
the SRGR using EARS, USArray, & RISTRA dataset. The color scheme used represents the
crustal thickness in kilometers. The black triangles represent the receiver functions around the
SRGR.
‘
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Fig 11: Preliminary results (see Future work section). Variogram cloud of the Vp/Vs which
illustrates how disperse the USArray data is.
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Fig 12: Preliminary results (see Future work section). A variogram plot that illustrates the
variability in the Vp/Vs data set.
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Fig 13: Preliminary results (see Future work section). A variogram cloud of the crustal thickness
data set.

27

Fig 14: Preliminary results (see Future work section). A semivariance plot of crustal thickness
which illustrates the variability in the data.
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Fig 15: Preliminary results (see Future work section). A crustal thickness plot with the kriging
interpolation scheme applied to smooth out inconsistenties in the contour plot.
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Fig 16: Preliminary results (see Future work section). A Vp/Vs plot with the kriging interpolation
scheme applied to smooth out inconsistenties in the contour plot.
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DISCUSSION

Changes in mineral composition, temperature, and pressure along with elevation or
compression of the upper mantle may suggest that there is a deep upper mantle upwelling, which
signify that the thermal signature of the RGR may be confined within the uppermost mantle. We
use receiver function data to help with these questions, since they records the relative response of
the earth structure when seismic waves reverberate near the receiver. Our receiver function
stacks show results that are consistent with rifting in the SRGR. In particular, Figure 15 and 16
show evidence of crustal thinning in the center of the rift, and also a higher Vp/Vs ratio that may
signify partial melt and/or higher temperatures.
Using EARS, we were able to initially calculate contour plots of Vp/Vs and crustal
thickness of the SRGR (Figure 7 and 8). As mentioned before, we discovered inconsistencies in
the results, where stations within 18 km of one another showed dramatic differences in crustal
thickness (10 km differences) and Vp/Vs ratios. The reasons for this are likely the following:
different selection criteria, differing amounts of data, and different quality control. This
highlights the need for analyst review of receiver function results, and that even with data the
deconvolve with a high fit to the data, they may not be stable. Deconvolution is thus inherently
unstable, and extra caution should be taken when using deconvolution.

Even with such

inconsistencies, a general pattern emerged showing lower Vp/Vs in the SRGR compared to other
regions.
Since the GMT mapping tool does that have a way of incorporating error associated with
crustal thickness and Vp/Vs model, we used the kriging interpolation scheme in order to obtain a
continuous and smooth surface plot of the rift system. There seem to be areas that have
experienced partial melt based from the mapping of the velocity structure in Figure 16. The
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mapping of the crustal structure in Figure 15 reveals areas on the RGR rift system that has thick
crust and thin crust. The results from the kriging have helped to better characterize the crustal
and velocity structure of the southern RGR. We are now able to observe the current deformation
and extension of the rift system based from the results in Figures 15-16.
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CONCLUSION
We focused on imaging the southern Rio Grande Rift, the widest section of the rift, to
help answer questions about how it formed and to determine whether this process is still
ongoing. Our hypothesis was that the driving force that causes the deformation derives from a
mantle upwelling. To test this hypothesis, we mapped the velocity structure of the RGR,
observing the locations of high Vp/Vs that signify fluid material and low Vp/Vs, which indicates
more solid basement material. Based from mapping the crustal and velocity structure along with
employing the kriging interpolation scheme, we were able to obtain a smooth continuous surface
plot of the rift system, which reveals the complexities of the RGR. We were able to observe
points of high and low Vp/Vs, along with areas of thick and thin crust which allowed us to make
a better assessment of what activity the RGR is experiencing.
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FUTURE WORK
The final preliminary results in Figures 15-16 still have some variations in terms of
crustal thickness and Vp/Vs even though we used the kriging interpolation scheme to fill in areas
that are unknown. We have identified a processing error that is a likely source of the variability
noted. We plan to correct these preliminary results of the crustal and velocity structure of the
SRGR and will also acquire more data from the EARS, RISTA, and USArray datasets in order to
obtain more coverage of the rift system. Our final results will be published in a future
manuscript. By acquiring more data in the SRGR, we will be able to better characterize the
crustal and velocity structure and also to determine what role the mantle (410 km & 660 km)
takes in the formation of the rift system.
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APPENDIX
1. Definitions and Details (Metadata)
1. Data type

Reference Event
2. Data set Credit

University of Texas at El Paso, Geological Science Department
3. Security Information

Unclassified
4. Points of Contact

Dr. Aaron Velasco
UTEP Geological Science Dept, Rm 227B
El Paso, TX 79968
Phone: (915) 747-5101
FAX: (915) 747-5073
5. Storage

Waveforms are stored as binary SAC files and have a channel component (BH, SH, LH). The
SAC files are stored in the Waveform base directory, then by event type (earthquake), year,
Julian day, and channel component (BH, SH, LH).
6. Time period of content

Data has been gathered for the time period: 2008-present.
7. Spatial domain information

The datasets are contained within a box with latitudes between 29˚ N and 36˚ N and
longitudes between 111˚ W and 102˚ W.
8. Accuracy and errors

We discovered inconsistencies in the results, where stations within 18 km of one another
showed dramatic differences in crustal thickness (10 km differences) and Vp/Vs ratios. Even
with such inconsistencies, a pattern emerges showing lower Vp/Vs in the SRGR compared to
other regions.
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9. Stacking parameters

The parameters for the receiver stack are (Station, Latitude, Longitude, Elevation (meters), N
(station network number), t Ps (P-to-S conversion phase in seconds), H (depth in km),
Vp/Vs). These are the parameters for each of the 400 seismic stations that were deployed
across the U.S.
Ex.
Station
LAC

Latitude

Nevada Test Site Network
Longitude Elevation N

34.389

-116.411

793

1

t

Ps

3.7

H (km)
30.2

Vp/Vs
1.75

10. Filter (Correction)



Flag incorrect waveforms for the stations



The Stacks which illustrates the H (km) vs. Vp/Vs (  ) for each of the recording
stations must begin at 15 km and end at 70 km depth because we believe that it’s the
starting and ending point where we see the solution sources of the stacking diagrams
for each individual station.

11. SAC (Seismic Analysis Code)



Filtering FFT and IFFT take the Fourier and inverse Fourier transform time series
data.



LOWPASS, HIGHPASS, BANDPASS, and BANDREJ are a set of Infinite Impulse
Response (IIR) filters.



WIENER applies an adaptive Wiener filter



FIR applies a Finite Impulse Response filter



DECIMATE applies an anti-aliasing lowpass filter as it desamples data



UNWRAP computes a spectral amplitude and an unwrapped phase

12. SOD (Standard Order of Data)
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An ingredient is a single operation in a recipe (overall code written). A full SOD recipe
consists of multiple ingredients that tell SOD how to gather and process data. SOD is
written in XML (HyperExtended Markup Language).
-

eventArm
eventArm gathers events from the server specified in the event finder

-

networkArm
The networkArm goes out to the server specified in the network finder,
and retrieves all the networks, stations sites, and channels that server
knows about that pass the subsetters contained in the arm

-

waveformArm
waveformArm downloads and processes waveforms individually

-

waveformVectorArm
The waveformVectorArm groups three orthogonal components from a site
and then does its processing on them as a group.

13. Access Constraints
- None
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Station
118A
119A
120A
121A
123A
124A
125A
126A
127A
217A
218A
219A
220A
222A
223A
224A
225A
226A
227A
318A
319A
320A
324A
325A
326A
327A
328A
425A
426A

Latitude
32.64
32.77
32.55
32.53
32.63
32.7
32.66
32.65
32.68
31.77
31.97
32.00
31.9
32.1
32.01
32.08
32.11
32.06
32.01
31.44
31.38
31.34
31.44
31.37
31.32
31.37
31.38
30.79
30.67

Longitude
-109.97
-109.3
-108.63
-107.79
-106.26
-105.45
-104.66
-104.02
-103.36
-110.82
-110.05
-109.26
-108.53
-107.1
-106.43
-105.52
-104.82
-104.1
-103.29
-109.99
-109.28
-108.53
-105.48
-104.97
-103.98
-103.49
-102.81
-104.99
-104.03

H , km
28.09  0.42
27.45  0.34
28.00  0.37
33.51  0.40
21.94  0.34
42.01  0.25
40.54  0.34
51.20  0.55
44.02  0.36
29.05  0.41
28.60  0.39
28.94  0.36
29.52  0.69
29.57  0.34
25.50  0.40
41.07  0.29
25.08  0.30
42.45  0.51
31.15  0.22
28.97  0.34
28.93  0.29
27.50  0.43
33.57  0.43
27.00  0.43
31.46  0.54
29.46  0.36
39.56  0.39
35.96  0.60
39.09  0.29

41

Vp/Vs
1.85  0.12
1.92  0.10
1.94  0.12
1.78  0.12
1.33  0.16
1.95  0.08
1.86  0.10
1.26  0.07
1.97  0.09
1.71  0.13
1.81  0.12
1.85  0.12
1.85  0.13
1.91  0.12
2.28  0.11
1.94  0.10
1.28  0.12
1.40  0.10
1.09  0.10
1.79  0.11
1.86  0.10
1.99  0.11
2.02  0.11
2.35  0.10
1.50  0.11
1.89  0.10
2.01  0.10
1.81  0.11
1.90  0.10

# of events
180
74
10
44
7
11
43
39
8
100
117
86
31
15
6
46
31
20
2
105
99
12
55
47
39
10
43
40
36

Station

Latitude

Longitude

H , km

427A

30.85

-103.4

38.98  0.47 1.47  0.10

32

428A

30.73

-102.68

32.34  0.48 1.29  0.11

30

526A

30.06

-104.09

37.52  0.38 1.85  0.11

28

527A

30.15

-103.61

40.57  0.33 1.81  0.11

43

528A

30.16

-102.79

31.25  0.60 1.26  0.13

36

626A

29.55

-104.13

25.05  0.47 2.28  0.11

28

627A

29.45

-103.39

35.92  0.63 1.78  0.14

46

628A

29.49

-102.89

32.98  0.29 1.89  0.10

44

ANMO

34.95

-106.46

40.44  0.36 1.66  0.10

293

LTX

29.33

-103.67

35.98  0.31 1.79  0.10

193

MB01

33.34

-106.03

35.96  0.54 1.87  0.12

22

MB04B

34.07

-106.94

31.56  0.44 1.77  0.13

16

MB05

34.66

-108.01

37.93  0.34 1.13  0.12

7

MNTX

31.7

-105.38

36.88  0.33 1.84  0.10

32

MSTX

33.97

-102.77

33.48  0.35 2.13  0.11

43

NM07

32.08

-103.84

42.05  0.39 1.49  0.09

5

NM08

32.2

-103.97

37.97  0.48 1.46  0.10

12

NM09

32.33

-104.12

32.38  0.41 1.47  0.10

21

NM10

32.47

-104.27

36.99  0.64 1.36  0.09

18

NM12

32.68

-104.51

40.99  0.37 1.80  0.10

19

NM13

32.8

-104.65

38.16  0.45 1.86  0.11

7

NM16

33.17

-105.13

42.52  0.20 1.92  0.07

14

42

Vp/Vs

# of events

NM17

33.26

-105.17

42.92  0.57 1.91  0.10

31

NM18

33.4

-105.34

32.01  0.39 2.17  0.10

21

NM19

33.49

-105.46

48.95  0.46 1.74  0.10

16

NM20

33.6

-105.59

40.49  0.36 1.81  0.09

19

NM21

33.73

-105.74

33.59  0.33 2.07  0.10

3

NM23

33.95

-106.01

36.44  0.30 1.87  0.10

19

NM24

34.05

-106.12

35.45  0.35 1.90  0.10

28

NM26

34.26

-106.36

34.97  0.46 1.82  0.12

37

NM27

34.39

-106.52

33.63  0.50 1.82  0.13

3

NM30

34.74

-106.97

24.51  0.29 2.43  0.08

2

NM31

34.85

-107.1

35.50  0.58 1.83  0.12

31

NM32

34.98

-107.26

38.00  0.35 1.86  0.10

31

NM33

35.11

-107.42

43.51  0.17 2.14  0.06

2

NM35

35.34

-107.71

31.88  0.29 2.07  0.11

8

NM36

35.45

-107.82

57.56  0.45 1.07  0.03

3

NM38

35.7

-108.16

32.48  0.30 2.01  0.10

3

NM39

35.79

-108.27

36.62  0.31 1.11  0.05

2

NM40

35.95

-108.43

42.38  0.28 1.87  0.07

1

S15

35.97

-105.22

43.51  0.30 1.79  0.08

3

S16

35.87

-105.2

39.52  0.17 1.99  0.06

1

S17

35.79

-105.19

37.02  0.22 2.04  0.09

5

S19

35.6

-105.18

35.32  0.73 1.03  0.05

6

S20

35.51

-105.22

38.47  0.30 1.89  0.09

6

S21

35.42

-105.2

39.42  0.24 1.93  0.08

6

43

S22

35.32

-105.15

56.10  0.45 1.13  0.03

3

S23

35.25

-105.12

44.02  0.21 1.65  0.07

1

S24

35.15

-105.06

39.38  0.31 1.90  0.10

4

SC58

32.29

-102.55

32.02  0.45 2.24  0.10

12

TUC

32.31

-110.78

28.93  0.41 1.80  0.14

60

TX01

31.42

-103.11

42.44  0.57 1.43  0.09

34

TX02

31.51

-103.2

48.01  0.93 1.38  0.08

19

TX03

31.62

-103.32

42.49  0.58 1.57  0.09

27

TX04

31.73

-103.45

41.39  0.43 1.62  0.10

9

TX05

31.88

-103.61

38.05  0.50 1.65  0.09

17

TX31

29.33

-103.67

33.52  0.41 1.89  0.11

494

TX32

29.33

-103.67

33.89  0.35 1.88  0.10

454

V17A

35.62

-110.79

21.03  0.87 1.12  0.09

70

44

Station
V18A
V19A
V20A
V21A
V22A
V23A
V24A
V25A
V26A
W17A
W18A
W19A
W20A
W21A
W22A
W23A
W24A
W25A
W26A
W27A
X17A
X18A
X19A
X20A
X21A
X22A
X23A
X24A
X25A

Latitude
35.71
35.71
35.8
35.81
35.91
35.75
35.73
35.84
35.8
35.08
35.12
35.11
35.13
35.12
35.07
35.16
35.21
35.22
35.09
35.06
34.34
34.53
34.43
34.54
34.45
34.51
34.58
34.56
34.53

Longitude
-109.93
-109.05
-108.47
-107.64
-106.91
-106.18
-105.27
-104.62
-103.79
-110.71
-109.74
-109.39
-108.5
-107.65
-106.87
-106.15
-105.41
-104.46
-103.77
-103.06
-110.81
-109.95
-109.29
-108.5
-107.79
-107.01
-106.19
-105.43
-104.66

H , km
49.89  0.44
53.47  0.51
46.09  0.48
42.54  0.43
36.45  0.32
28.41  0.52
47.95  0.32
43.98  0.49
41.08  1.14
43.02  0.99
36.65  0.76
42.53  0.37
40.41  0.54
37.95  0.27
63.72  0.32
39.44  0.41
35.91  0.69
36.55  0.33
35.47  0.58
34.04  0.42
36.07  0.48
37.53  0.41
37.52  0.69
37.44  0.63
40.91  0.85
42.59  0.28
37.85  0.60
53.37  0.31
38.58  0.51

45

Vp/Vs
1.74  0.09
1.88  0.09
1.77  0.13
1.86  0.09
1.92  0.10
1.22  0.14
1.80  0.10
1.74  0.13
1.82  0.12
1.03  0.09
1.07  0.11
1.43  0.10
1.79  0.06
1.70  0.09
1.11  0.03
1.82  0.11
1.94  0.12
1.97  0.10
1.97  0.16
1.33  0.08
1.06  0.09
1.89  0.12
1.91  0.11
1.87  0.11
1.57  0.13
1.20  0.09
1.79  0.16
1.63  0.08
1.86  0.16

# of events
104
134
51
54
42
33
27
31
47
120
152
122
67
59
23
52
52
46
40
39
67
142
126
48
76
10
58
47
55

Station

Latitude

Longitude

H , km

X26A

34.55

-103.81

35.56  0.36 2.00  0.11

48

X27A

34.65

-103.1

36.51  0.49 2.02  0.10

45

Y17A

33.7

-110.84

29.96  0.39 1.79  0.12

118

Y18A

33.78

-110.03

25.02  0.54 2.12  0.12

110

Y19A

33.96

-109.25

40.08  0.50 1.06  0.04

118

Y20A

33.91

-108.38

37.48  0.49 1.79  0.10

53

Y21A

34.01

-107.67

35.91  0.34 1.86  0.10

55

Y22A

33.94

-106.97

32.55  0.32 1.86  0.11

50

Y22D

34.08

-106.92

32.07  0.49 2.00  0.12

59

Y23A

33.93

-106.05

36.95  0.33 1.84  0.10

51

Y24A

33.93

-105.44

46.04  0.29 1.75  0.10

52

Y25A

33.92

-104.69

45.96  0.77 1.52  0.09

47

Y26A

33.92

-103.82

35.55  0.60 1.36  0.11

43

Y27A

33.88

-103.16

35.98  0.27 2.09  0.10

42

Z17A

33.3

-110.47

28.04  0.48 1.98  0.12

80

Z18A

33.09

-110.04

23.52  0.30 2.07  0.09

84

Z19A

33.29

-109.27

30.45  0.50 1.94  0.14

101

Z20A

33.11

-108.59

29.57  0.46 1.94  0.12

64

Z21A

33.31

-107.67

34.03  0.52 1.84  0.10

57

Z22A

33.26

-106.96

32.47  0.36 1.84  0.11

54

Z23A

33.26

-106.23

38.17  0.46 1.12  0.09

18

Z24A

33.33

-105.36

40.54  0.72 1.91  0.11

48

Z25A

33.28

-104.72

25.63  1.07 1.04  0.07

54

Z26A

33.27

-103.98

25.99  0.76 1.35  0.15

40

Z27A

33.31

-103.21

20.00  0.03 1.25  0.01

8
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